Food security and nutrition have become central to the policy agendas of governmental and non-governmental organizations due to their consequences on health and economic development. Changes in consumption patterns in response to price and income changes could impact on nutrient intake with related positive or negative consequences. This article aims to systematically review the elasticity of calories, macronutrients and micronutrients to income in developing and developed countries. We consider a large set of estimates on income elasticity for calories, protein, fat, zinc, iron and vitamin A. This is one of the few reviews that examines the estimates for income elasticity of calories, micronutrients, and micronutrients on a comparative basis. Moreover, we investigate the determinants of the heterogeneity in estimates by means of a rigorous and popular approach of meta-analysis. We found a substantial publication bias, and, in particular, we found that the quality of data is very important as it is able to influence estimates.
literature telling us?
Introduction
In recent times food security, malnutrition and related consequences on health and economic development has received global attention (e.g. Wals et al., 2014; Machlis, 2015; Santeramo, 2015) . This attention has been highlighted by the Lancet's Series on Maternal and Child Nutrition 2008 and 2013. The 2008 series emphasized the need for adequate child and maternal nutrition to promote optimal child growth including cognitive development with possible long-term consequences on economic development for affected countries (Victora et al., 2008) . By limiting cognitive development and physical capacity, micronutrient deficiencies can affect the quality of human capital and impact on poverty and economic development. The most effective interventions to address child and maternal malnutrition have been identified and include addressing micronutrient deficiencies, especially iron, zinc, vitamin A and iodine, as well as addressing nutrition sensitive agriculture (Bhutta et al., 2008; Ruel et al., 2013) .
Nutrition-sensitive agriculture is important because of its role in making nutritious food available to households for adequate nutrition and food security. However, not all the food consumed by households is produced by households, even where subsistence farming is the norm. Economic access to food through food markets is, therefore, an important aspect in meeting adequate nutrition (FAO, IFAD and WFP, 2013) but this, in turn, is affected by food price dynamics. A systematic review with meta-regression that included 136 studies conducted in both developed and developing countries demonstrated that food consumption in poor countries was more sensitive to price changes than in developed countries (Green et.al., 2013) . This is because people in developing countries ordinarily spend a much higher proportion of the household income on food. Diets in developing countries are largely starch based in terms of calories, although many of them derive their protein form plant based sources. People in developing countries would, therefore, be expected to be most vulnerable to changes in related nutrient intakes in response to increased food prices as they substitute more expensive foods like animal source foods with cheaper less nutrient dense staples. The resulting reduction in dietary diversity could impact negatively on nutrient adequacy, especially with respect to micronutrients intake. Ruel (2003) conducted a review of studies that used dietary diversity methodologies as an indicator of diet quality and found that, regardless of the approach used, dietary diversity was positively associated to nutrient adequacy even in poor developing countries.
Although the most severely food insecure people will most definitely be underweight and starving, overweight and obesity may also be caused by food insecurity: research has shown associations between low socioeconomic status and prevalence of overweight and obesity (Martin-Fernandez et al., 2014) . There is evidence that by means of economic development, developing countries experience changes in food consumption patterns (Vorster et al., 2011) and that the resulting nutrition transition is driven by better economic access to different foods at household level. Some of the changes that take place are positive, e.g. the increasing consumption of animal source protein leading to higher micronutrient intakes like iron, zinc and vitamin A. On the contrary, other changes in dietary patterns are detrimental to health outcomes. Examples include increased calorie consumption from saturated fat and simple sugars, both associated with increased risk of overweight, obesity and other non-communicable Briggs et al. (2013) conducted a modelling study that explored the effect of a 10% tax on sugar sweetened beverages on obesity in Ireland. The authors reported finding a small but meaningful effect especially for adults aged 24-34. Although the effect identified by this study was small, the fact that the model only included sugar sweetened beverages should be taken into consideration. Other high sugar containing foods like confectionaries, as well as high fat food items, are also important determinants of obesity. Another study by Claro et al., (2012) found that a tax on sugar-sweetened beverages in Brazil reduced consumption especially for the poor. In the US, food and nutrient price elasticity has been reported to have the potential to influence nutrient intake through substitution of foods, as families adjust eating patterns to cope (Miao et al., 2013) The literature on income elasticity in relation to calories is extensive, while few studies present income-elasticities for nutrients. In both cases there is a large heterogeneity in estimates due to differences in research designs, or temporal and spatial dynamics. Indeed many factors tend to influence empirical estimates of income elasticity to nutrients intake: our article aims to systematically review the elasticity of calories, macronutrients and micronutrients to income. In particular we consider a large set of estimates on income elasticity for calories, protein, fat, zinc, iron and vitamin A. The analysis includes studies conducted in developed and developing countries. While previous studies have revised impacts of income on calories intake and on consumption of categories of food (e.g. Ogundari and Abdulai, 2013; Gandhi and Zhou, 2014) , to the best of our knowledge this is the first review that examines the estimates for income elasticity of calories, micronutrients, and micronutrients on a comparative basis. Moreover we investigate the determinants of the heterogeneity in estimates by means of a rigorous and popular approach: meta-analysis. Moreover we test for biases in estimations induced by models, publication type, and data quality in order to provide suggestions on the reliability of estimates provided by official publications' estimates. The information generated may have food pricing policy implications to mitigate possible consequences on nutrient intakes and related health consequences.
Dataset and preliminary analysis
The data employed in the present analysis include numerous studies and estimates on income elasticity. Papers have been collected through most relevant websites for the purposes of the present paper, i.e., Web of Science, Scopus, and Google Scholar. The latter allowed us to cover gray literature (working papers and discussion papers) in order to make sure that that publication bias and the effects of factors such as the journal prestige, and its impact factor can be correctly identified. The studies have been selected according to the presence of information on sample sizes, elasticity, and the associated standard errors or t-values. The inclusion criteria led us to select 26 studies in total (table 1) . However, the number of observations is larger since some studies include several estimates that differ for type of estimation, subpopulation, or nutrient of reference. Far from being comprehensive, our study includes more than 100 observations, resulting in a benchmark for future investigations. In Table 2 we present a summary of descriptive statistics of our dataset. It shows that on average income elasticity ranges from 0.38 to 0.62, with an even lower median value (between 0.27 and 0.63). In other words, calories and nutrients tend to be income-inelastic.
The next paragraph is devoted to illustrate the methodological approach we have followed to review the literature and to gain further insights.
Methodology
Meta-analysis is becoming increasingly popular in economics, and it has been applied to review 
A common functional form for equation 1 is the linear form, so that the equation can be estimated through least squares. We will follow the conventional wisdom here, and replace 
/ % : $ ' 0 vs / % : $ ' 0 A drawback of the above presented approach is that it suffers for the heteroskedasticity of estimates. We correct this embedded heteroskedasticity by using the inverse of the standard errors, and dividing the dependent variable by the standard errors ( 1 ) and the set of regressors (Ω ) by the standard errors. The specification will be as follows:
(i) / % : $ ' 0 vs / % : $ ' 0
(ii) / % : $ ' 0 vs / % : $ ' 0
The rationale of the test (i) is that the larger the deviation of $ ' (Publication bias) from zero, the larger the publication bias. Moreover, the coefficient $ 2 (Empirical Effect) inform us of the significativity of income on elasticity, which means that if $ 2 is statistically significant (test ii) we conclude that the influence of income on the elasticity is statistically different from zero in the reviewed studies. Finally, we test for the meta-significance (MST) of the meta-analysis by estimating equation 3b:
where ln n is the logarithm of the sample size. Analogously to the previous test, if $ 2 is statistically significant (test ii) we conclude that the influence of income on the elasticity is statistically different from zero. The interpretation of $ ' is unaltered.
As a second step for our analysis, we use meta-regression analysis (MRA) to explain the source of heterogeneity in income elasticity of nutrients. A typical MRA can be specified as follows: The approach is similar to that in Ogundari and Adbulai (2013) who weighted by using the inverse of the variance of the standard error of the effect size.
In order to explain the heterogeneity in estimates of income elasticity, we consider several explanatory variables related to the methods of estimation, the number of observations, the location of the study, the prestige of the journal hosting the publication etc. The variables adopted in our study are listed and described in Table 3 
Results
As first step, we can comment the results on the FAT-MRA analysis, obtained through equation
. 2 . The results are omitted from the article for space limitation, and are available upon request. In particular we are interested in assessing whether the coefficient $ ' is statistically significant or not. In all cases (calorie, protein, fat and micronutrients) the coefficient is statistically different from zero, but the largest biases are observed for protein and fat. This preliminary results suggest that the publication bias may be an issue for the sizes of the effect.
In order to correct the potential heterogeneity, we have estimated equation 3, and the results are reported in Table 4 . The results are robust to heterogeneity in that the dependent variable and the set of regressors (Ω ) are normalized by the standard errors. The results show that the bias is detected only for protein and fat (at significance level of 5% or lower): the former shows a negative bias ($ ' 11.6), while the latter has a positive bias ($ ' 7.1). We also found that only for protein and fat the coefficient $ 2 is statistically significant. We can conclude that the effect of income is relevant to the elasticity of protein and fat reported in the articles and working papers considered in the present analysis. In the other two cases (calories and micronutrients) the effect of income is negligible, which means elasticity tend to be constant, regardless of income level. Note: t-stats in parenthesis; +, *, and ** indicate statistical significance at 10, 5 and 1 percent respectively. Table 5 presents the results of equation 3b and allow to strengthen (or weaken) previous findings. We found further evidence that the influence of income on elasticity is statistically different from zero for protein and fat. The results of tables 3 and 4 are not surprising, but of particular interest for potential policy implications. We shall discuss them later. Note: t-stats in parenthesis; +, *, and ** indicate statistical significance at 10, 5 and 1 percent respectively. Table 6 presents the estimates obtained from equation 4. The results show that the elasticity for calories is lower when we adopt household income rather than the expenditure. It is interesting to note that by adopting a Q-AIDS model the elasticity tend to be higher, exception made for fat.
The results also provide explanation on how publication bias tends to distort the estimates: the income-elasticity reported in articles published in journals are lower than those reported in working/discussion papers; it is also lower for articles published in journals with impact factor.
results on the quality of data are very interesting. Almost in all cases we found that detailed information is associated with larger estimates. For instance, the variable "Panel" is statistically significant and positive. Exception made for fat elasticity. However, in this case albeit the coefficient is negative the significance level is 10%. Similarly, by adopting data at high frequencies (e.g. monthly or weekly) it is likely that higher estimates are obtained. Finally, larger sample sizes may lead to larger or lower estimates, depending on the nutrient considered: elasticity is higher for protein and micro-nutrients, and lower for fat. Note: t-stats in parenthesis; +, *, and ** indicate statistical significance at 10, 5 and 1 percent respectively.
Conclusions
Food security and nutrition have become central to the policy agendas of governmental and non-governmental organizations due to the consequences that they can generate on health and economic development. Changes in consumption patterns in response to price and income changes could impact on nutrient intake with related positive or negative consequences. A vast empirical literature provides estimates of income elasticity of calories, micro and macro nutrients. However, the elasticities reported in different studies are very heterogeneous.
Moreover, due to the empirical and political implications that reported estimates on income elasticity may have, understanding the determinants of the heterogeneity in estimates is of great relevance.
Our meta-analysis found that in the majority of studies calories and proteins are found to be more income-inelastic than fat and micronutrients, which have been found to be more sensitive to income changes. Our meta-analysis found that the influence of income on their elasticity is statistically different from zero. To the extent that adequate child and maternal nutrition have been proved to promote optimal child growth and have positive consequences on economic development (Victora et al., 2008) , our results strengthen the importance of implementing policies aimed at improving diet quality and affordability of food. Our results are, therefore, in line with previous studies (Bhutta et al., 2008; Ruel et al., 2013) . Moreover, we found a substantial publication bias for sizes of effect that has deserved a deep investigation. For calories, we found that the income-elasticity reported in articles published in journals and particularly in articles published in journals with impact factor tend to be lower that those published in working and discussion papers, thus warning about the reliability of conclusions supported solely by official publications' estimates. Finally, we found that the quality of data is very important and able to influence estimates.
There may be some limitations to this study, as for instance, the number of studies taken into account that may be considered scant. However, relying on a larger set of studies for the present meta-analysis does not seem to be feasible, due to the nature of our investigation. As a matter of fact, there is a limited number of studies available regarding income-elasticity for protein, fat and micronutrients. Understanding the impact of income changes on nutrients intake remains an important topic deserving further research.
